Outbreaks of the southern pine beetle (SPB) Dendroctonus frontalis Zimmermann in Central America have had a devastating impact on pine forests. It remains unclear to what extent these outbreaks are caused by the beetle's ecology, climate, and historical management practices. Using research data and experience accumulated in northern latitudes to guide management of forests in Central America is associated with great uncertainty, given the many unique features of the conifer forests in this region. The main recommendation from this review is that Central American bark beetle outbreaks need to be studied locally, and the local climate, biotic elements, and silvicultural history need to be considered. The key to reducing the impacts of SPB in Central America are local research and implementation of proactive management, in order to facilitate the establishment of forests more resilient to increasing environmental and anthropogenic pressures.
Introduction
Bark beetles are a natural component of forests in many regions of the world, but they can also be a major disturbance agent especially in coniferous forests with low tree species diversity, high, density and environmental stresses. In Central and North America, for example, tree mortality caused by bark beetles has been estimated in millions of hectares in recent decades [1, 2] . Economic costs include not only timber losses, but also changes in ecosystem services, water retention, climate and carbon loss mitigation, and public health consequences [3] . On one hand, outbreaks and the associated loss of mature trees modify stand and age-class structure, species composition, and spatial distribution and arrangement of surface and canopy fuels, therefore reducing basal area, density, and average diameter at breast height. On the other hand, a great proportion of the outbreaks in coniferous forests across the northern hemisphere are occurring in stands with unnaturally high basal area and in stands impacted by increasing temperatures and/or drought. Therefore, land managers increasingly have to make decisions about whether their management focuses on suppressing bark beetle epidemics or on adapting stands to new climatic regimes. Such landscape-wide, far-reaching decisions may require a departure from a traditional management style, and it is increasingly critical to consider the best available science, public perceptions, and monitoring targets [4] .
Regional Bark Beetle Outbreak Drivers
Southern pine beetle outbreaks and the consequent damage on pine forests make this species one of the main targets of aggressive suppression programs [26] . Expanding infestations of multiple trees (growing spots) are the primary targets for suppression programs, as they cause the majority of timber losses [26, 27] . Under favorable conditions, current and subsequent generations of the beetles rapidly expand the "spot," until lack of hosts, cold temperatures, or direct control intervene [26] . It is not clear to what extent SPB outbreaks are driven by tree health status or weather. Most authors attribute a minimal role to tree stress in the SPB outbreak dynamics [28] , but emerging evidence suggests that weather anomalies do trigger outbreaks where other conditions are in place [29] . Global warming reached approximately 1 • C above pre-industrial levels in 2017 [30] , and significant warming is projected for the mountain ranges in the Americas with concomitant weather extremes [31] .
Nevertheless, research on pine beetle outbreaks has been mainly conducted in the northern latitudes, while pests of the subtropical pine systems remain understudied. Because pine species and the environmental conditions in Central America and southern Mexico are different than those in the North, conclusions from temperate and boreal systems may not always apply here, and it is critical to tailor research to the region. In this section, we describe the differences and similarities between pine beetle outbreaks in Central and North American regions ( Figure 1 ). Southern pine beetle outbreaks and the consequent damage on pine forests make this species one of the main targets of aggressive suppression programs [26] . Expanding infestations of multiple trees (growing spots) are the primary targets for suppression programs, as they cause the majority of timber losses [26, 27] . Under favorable conditions, current and subsequent generations of the beetles rapidly expand the "spot," until lack of hosts, cold temperatures, or direct control intervene [26] . It is not clear to what extent SPB outbreaks are driven by tree health status or weather. Most authors attribute a minimal role to tree stress in the SPB outbreak dynamics [28] , but emerging evidence suggests that weather anomalies do trigger outbreaks where other conditions are in place [29] . Global warming reached approximately 1°C above pre-industrial levels in 2017 [30] , and significant warming is projected for the mountain ranges in the Americas with concomitant weather extremes [31] .
Nevertheless, research on pine beetle outbreaks has been mainly conducted in the northern latitudes, while pests of the subtropical pine systems remain understudied. Because pine species and the environmental conditions in Central America and southern Mexico are different than those in the North, conclusions from temperate and boreal systems may not always apply here, and it is critical to tailor research to the region. In this section, we describe the differences and similarities between pine beetle outbreaks in Central and North American regions ( Figure 1 ). Figure 1. Regional differences in bark beetle outbreak drivers and management strategies.
Central America
Central America consists of Guatemala, Belize, Honduras, El Salvador, Nicaragua, Costa Rica, and Panama, with tropical conifer forests that held a high diversity of Pinus species, dominated by P. caribaea Morelet [32] .
Southern pine beetle outbreaks periodically affect a large number of hectares of pine forests in Central America. In Honduras alone, for example, SPB has killed more than 580,000 ha in the last twenty years during unprecedented outbreaks [18] . Moreover, the role of changing climate on bark beetle outbreaks has been studied marginally, but several studies point to local extreme weather as a strong factor. In Honduras, climatic anomalies in warm months that increase the frequency of wildfires were correlated with SPB outbreaks [33] . This correlation does not necessarily indicate a direct effect of climate on the outbreaks, as an abundance of dense, unmanaged pine stands frequently weakened by wildfire could be the main driver. However, drought models for Honduras predict an increase in the overall susceptibility for SPB attacks in a climate change scenario [34] . Another climate-related factor that distinguishes Central America from other regions is the effect of 
Southern pine beetle outbreaks periodically affect a large number of hectares of pine forests in Central America. In Honduras alone, for example, SPB has killed more than 580,000 ha in the last twenty years during unprecedented outbreaks [18] . Moreover, the role of changing climate on bark beetle outbreaks has been studied marginally, but several studies point to local extreme weather as a strong factor. In Honduras, climatic anomalies in warm months that increase the frequency of wildfires were correlated with SPB outbreaks [33] . This correlation does not necessarily indicate a direct effect of climate on the outbreaks, as an abundance of dense, unmanaged pine stands frequently weakened by wildfire could be the main driver. However, drought models for Honduras predict an increase in the overall susceptibility for SPB attacks in a climate change scenario [34] . Another climate-related factor that distinguishes Central America from other regions is the effect of low temperatures. In the North, SPB range is limited by winter temperatures [15] , which will not be the case anywhere south of Mexico.
On lands used for agriculture in Central America, fires are commonly used to eliminate old crop residues or increase grass cover beneath pine forests to feed livestock. It has been suggested that frequent fires are a predisposing factor that contributes to starting new SPB outbreaks in the Central American region [17] . In addition, the lack of timber markets has reduced dead tree removal, which may have contributed to the subsequent wildfires in the region [17] . However, as we discuss below, data from northern-latitude forests suggest that the relationship between beetle outbreaks and fire is tenuous, and probably not causative. In addition, burning reduces stand age diversity, as it kills most pine seedlings and produces widespread even-aged stands of Pinus oocarpa Schiede and P. caribaea, making them more susceptible to SPB outbreaks [17] .
Much of the pioneering research about Central American pine beetle outbreaks was conducted by Ronald Billings. Dr. Billings and colleagues have extensively documented the damage and management of SPB in the region since 1982 and produced a great body of silvicultural recommendations [12, 17, [35] [36] [37] [38] [39] . Most of the recommendations have clear roots in data generated in the SE USA, and therefore many will still require properly designed and replicated studies in local, Central American conditions. Among Billings' early recommendations was to establish and maintain a record-keeping system for bark beetle outbreaks in Honduras and other Central American countries to document associated timber losses in both time and space [35] .
Eastern North America
In the southeastern U.S., the majority of pine mortality due to bark beetles is caused by a single species, the southern pine beetle. Most SPB damage during the last two decades has occurred in forests that are overstocked, often residues of poorly managed plantations, or regions where pine was allowed to colonize previously deforested soil [28] . Outbreaks of SPB in the South East are influenced by several well-studied factors: abundance and distribution of susceptible pine stands [40] , stand basal area, which increases with density and age, seasonality (spring and early summer often witness greatest outbreaks), the abundance of natural enemies [41] , and previous levels of infestation, suggesting complex interactions between tree health, the beetles' host-finding capability, and the local biotic buffer.
Weather and climate have not been considered a major factor in explaining SPB regional outbreak dynamics in the southeastern U.S. [28] . Climate models for the region predict mildly higher temperatures and precipitation, which are likely to increase pine productivity and vigor [42, 43] , possibly resulting in greater resistance against SPB attacks. However, the frequency of weather-related stress is also expected to increase, possibly triggering stress-related outbreaks. Many states in the region have experienced exceptional drought and unusually warm winters in the last decade. Temperature appears to have played a significant role in SPB outbreak dynamics [44] , and more recently, McNulty et al. [29] showed that climatic variables, such as interannual variation of temperature and evapotranspiration, are significant predictors for SPB outbreaks across the southeastern U.S. [45] .
An increasingly studied question in the southeastern U.S. is the interaction between forest fires and southern bark beetle outbreaks. In the southeastern U.S., prescribed fire is now routinely applied as a silvicultural practice. The actual method depends on the land manager's objective, but most forests are burned in the dormant season to remove midstory vegetation in even-aged, naturally regenerated stands, as well as in pine plantations [46] . Prescribed burning increases natural pine regeneration, releases nutrients into the soil, reduces fuels in fire-prone forests, and reduces competition [47, 48] . Most results from the southeastern U.S. show that there is lower bark beetle activity in prescribed burn areas, and that most tree mortality occurs within one year after the fire with no increase in attack to nearby areas [49] . Long-term studies have shown that stands with frequent low-intensity fire and more open conditions are more resilient [50, 51] . Following a devastating SPB outbreak in Pinus echinata Mill., fire promoted natural pine regeneration with seedlings growing more vigorously than those in the unburned areas [52] . Only rarely is a positive relationship between fire and beetles reported in the South East. In young plantations of Pinus taeda L. in Texas, spots of SPB-caused pine mortality were more common in burned stands compared to unburned areas [53] . However, the authors tentatively attributed it to the large area covered by even-aged stands and the nearby beetle activity.
Western North America
Pine beetle outbreaks in western North America may appear similar to the previously described regions, but the species involved and their interactions are distinct. Several different outbreaking species of Dendroctonus co-occur here, but none of them develop outbreaks with such rapidity as the SPB [9] . Contrary to the southeastern and more humid regions, the major impact of the warming climate as one of the main drivers of northwestern bark beetle outbreaks is beyond dispute. Climate-related models forecast an increase in bark beetle populations and tree stress, providing favorable conditions for outbreaks of several bark beetle species in western North America [54] . Some bark beetles were also able to expand their range as a result of increasing temperatures and began to occupy regions with naïve hosts [55] .
Prior to the Euro-American settlement in the West, an open forest structure was maintained by frequent low-intensity fires [56] . Fire suppression, extensive harvesting, and replanting during the 20th century created an abundance of uniform conifer stands highly susceptible to bark beetle attack and large wildfires [20, 57, 58] .
In western North America, bark beetle outbreaks and fire severity are linked, but it depends on the outbreak stage and several fire factors [59, 60] . In the short term, prescribed burning diminishes tree resistance to beetles [61, 62] . When not conducted properly, prescribed fire weakens or kills non-fire adapted tree species [46] . In the long term, however, benefits of the reduction of beetle-susceptible stands and wildfire fuels outweigh small tree mortality [63, 64] . Despite scientific evidence of prescribed fire as an effective means to reduce the risk of wildfires and increase ecosystem resilience, annual prescribed burning in the western U.S. remained stable or decreased in the last 20 years, suggesting that the best available practices are not being adopted into management [65] .
Influence of Different Management Styles on Outbreaks
Because bark beetle outbreaks are usually associated with poor forest management, a long-term strategy is critical, including increasing technical capacity, support by governments, between and within-country communication and evidence-based, climate-adaptive management. Managing existing outbreaks is usually difficult and may be impossible in Central American socio-economic conditions. We suggest that a critical contemporary need in the region is to prevent future outbreaks by creating resistant and resilient forests on a regional scale. Short-term emergency reactive management reduces the chances of effective long-term protection [66] . A long-term approach, based on prevention strategies rather than direct control, includes, for example, the recognition of the conditions that make stands more susceptible to SPB attacks. In intensively managed production forests, thinning or prescribed burning accomplish that [53] ; in forests where fewer inputs are desirable, other strategies are needed, such as lower densities, increasing woody plant diversity, increasing dead wood volume, and variable age composition [26, 49, 67] . Thinning, for example, is one of the most effective practices for preventing and mitigating impacts from SPB [50] . Once an outbreak develops, mechanical control strategies, such as salvage removal (cut-and-remove), cut-and-leave, and burning, are recommended [26] but their timing is critical [68] .
In Central America, management options lack empirical evidence. For example, it is not clear whether "removing damaged and weakened trees" [17, 39] is effective in suppressing SPB populations because of the unclear relationships between individual tree health and Dendroctonus frontalis infestation. Currently, the most widely recommended strategy for SPB suppression in the region involves identifying actively expanding spots and applying mechanical control tactics (mostly cut-and-leave) to disrupt further spot growth [69] (Figure 2 ). Practical application of cut-and-leave in Honduras since 1984 and in Guatemala, Nicaragua, and El Salvador in more recent years during SPB outbreaks suggests the effectiveness of this SPB direct control tactic [17, [36] [37] [38] , but a research study of these practices with proper control treatments and replication in the region has yet to be conducted.
In Honduras, large SPB outbreaks were reported from the 1980s to the 2000s in dense stands of Pinus oocarpa and P. caribaea [17] . More than 9000 spots were treated with cut-and-leave or cut-and-remove strategies with a 69% success rate [36, 37] . During 2014, only 6% of the infestations were managed in the country, which may have led to the almost half a million ha damage in the subsequent years [38] . In each case, however, no empirical evaluation of different methodologies was conducted, and different tree species and, in some cases, different bark beetles were affecting the region. outbreaks suggests the effectiveness of this SPB direct control tactic [17, [36] [37] [38] , but a research study of these practices with proper control treatments and replication in the region has yet to be conducted. In Honduras, large SPB outbreaks were reported from the 1980s to the 2000s in dense stands of Pinus oocarpa and P. caribaea [17] . More than 9000 spots were treated with cut-and-leave or cut-andremove strategies with a 69% success rate [36, 37] . During 2014, only 6% of the infestations were managed in the country, which may have led to the almost half a million ha damage in the subsequent years [38] . In each case, however, no empirical evaluation of different methodologies was conducted, and different tree species and, in some cases, different bark beetles were affecting the region. In Nicaragua, SPB killed half of mature pines in the northern region from 1998 to 2001 [17] . Hundreds of spots were treated with cut-and-leave to stop the outbreak through financial and technical assistance from the USDA and FAO. The SPB outbreak collapsed in 2001, whereas infestations continued in adjacent countries where little or no control applications were applied [12] . However, other factors could have influenced the collapse of the outbreak during that year, as direct control measures are a short-term response to reduce tree losses, and there is little evidence that suppression of individual spots will manage outbreaks on larger scales [49] . All outbreaks recorded in Nicaragua started in protected areas, where no forest management is conducted, and tree densities are extremely high. Despite the permits that have been issued for thinning in protected areas, there was no market for the small diameter extracted wood, and the thinning was economically unsustainable [70] .
Management Shortcomings Identified in the Central American Region
Some of the main challenges identified in the region are that the concept of sustainability and resilience in forest management are not well established, perhaps given the lack of interdisciplinary research. In the region, infestations of SPB are usually controlled by means of cut-and-leave or sanitation harvesting with an emphasis on taking wood out of the forest and selling it, whereas prevention methods are not prioritized nor developed [18] . Policy makers and land managers need In Nicaragua, SPB killed half of mature pines in the northern region from 1998 to 2001 [17] . Hundreds of spots were treated with cut-and-leave to stop the outbreak through financial and technical assistance from the USDA and FAO. The SPB outbreak collapsed in 2001, whereas infestations continued in adjacent countries where little or no control applications were applied [12] . However, other factors could have influenced the collapse of the outbreak during that year, as direct control measures are a short-term response to reduce tree losses, and there is little evidence that suppression of individual spots will manage outbreaks on larger scales [49] . All outbreaks recorded in Nicaragua started in protected areas, where no forest management is conducted, and tree densities are extremely high. Despite the permits that have been issued for thinning in protected areas, there was no market for the small diameter extracted wood, and the thinning was economically unsustainable [70] .
Some of the main challenges identified in the region are that the concept of sustainability and resilience in forest management are not well established, perhaps given the lack of interdisciplinary research. In the region, infestations of SPB are usually controlled by means of cut-and-leave or sanitation harvesting with an emphasis on taking wood out of the forest and selling it, whereas prevention methods are not prioritized nor developed [18] . Policy makers and land managers need to focus on proactive thinning programs to reduce beetle-induced tree mortality. Natural resource agencies in the U.S. usually have the tools, information, and policies to modify stand conditions [4] . However, this is not always the case in Central America. For example, the outbreaks in the 2000s in Belize, Nicaragua, Honduras, and Guatemala were suggested to be caused mainly by favorable environmental and host conditions, lack of training at the national level, lack of funding, and lack of equipment and markets to rapidly harvest infested trees [12] . The recent outbreaks in the region further demonstrate the necessity for sustainable forest health programs for integrated pest management of bark beetle outbreaks.
Because governmental structures and forest resources are similar across the region, there are common problems that need to be addressed at the regional level [18] . Large areas of natural forest in Central America are protected but were set up with unsustainable tree density and are still under human pressure. Sustainable forest protection practices such as prescribed burning or thinning are not common practices [12] . Therefore, even protected areas develop into highly dense forests of pines more susceptible to bark beetle outbreaks [71] . Moreover, areas attacked by bark beetles are often converted to agricultural use and grazing of livestock, preventing forest restoration and accelerating forest degradation [72] . Management of forest pests in Central America needs to be based on regional science [71] . However, local research in forest health topics is not always conducted, and academic programs need to be updated, as important concepts of sustainable forest management have been missing [73] . For example, the recent description of D. mesoamericanus Armendáriz-Toledano and Sullivan, a species of a pine-infesting bark beetle that commonly co-occurs with D. frontalis in the region, makes it clear that more research is needed in order to better understand local forest ecology and develop long-term integrated pest management plans. For most Central American foresters and technicians, access to adequate training has been limited.
Fortunately, the Central American region is currently improving the management of natural forests [38, 71] . Honduras and Guatemala already adopted a national forest health strategy [73] . Investments have been made into education, legislation, low-budget monitoring, fire suppression, and control in forest ecosystems, although sustainable forest management is still not embraced adequately [71, 74] . International tree breeding organizations, such as CAMCORE (Central America and Mexico Coniferous Resources Cooperative), have been active in the region, aiming initially to conserve genetic resources of native pine species, and more recently supporting forest restoration after SPB outbreaks and suggesting planting of more tolerant species to increase resilience [75] . However, recommendations on forest restoration and tolerant tree species were not fully taken into account for implementation due to political and financial constraints. Therefore, the lack of regional policy in forest health strains the interaction among institutions, which is reflected in regional organizations such as the International Regional Organization for Agricultural Health (OIRSA). In addition, forest health monitoring databases, which include sustained data on seasonal pest activity, abundance, and area affected, are uncommon, qualitative rather than quantitative, and not easily accessible in the region [71] . Honduras, which has maintained data on SPB outbreaks and their impacts since 1982, is a notable exception [12, [35] [36] [37] [38] .
Recommendations and Opportunities for Sustainable Management in Central America
Understanding the spatial and temporal processes that drive beetle outbreaks is essential to attain sustainable forest management in Central America. Management and suppression strategies will only be effective if they are applied at the right outbreak stage [9] . Small-scale scattered treatments do not effectively reduce the susceptibility of forests to bark beetle infestation in the long-term, as they do not address overall forest health and pest spread from treated stands into untreated areas [49, 76] . Moreover, forest pest solutions should mainly focus on integrating management approaches regionally, rather than within single countries [77] . Forest landscapes are complex socio-ecological systems that demand collaborative transdisciplinary problem framing [78] . From a landscape perspective, sustainable forest management needs to be integrated with the management of adjacent areas. Because individual forest stands interact with other landscape elements, human manipulation at the local level have cumulative effects at the landscape scale that can affect an entire region [79] . Sustainable forestry, focused on ecosystems, is based on planning at the landscape level and recognizes that different scales are essential for different species and processes [80] .
For long-term forest protection, broadscale land-management policies are the best option as they reduce the extent of forests susceptible to future outbreaks largely resulting from anthropogenic inputs [9] . Conservation lands and outbreak initiation are often linked in Central America due to fire suppression and inadequate management [81] . As part of an integrated pest management, silvicultural treatments should focus on increasing landscape heterogeneity, such as shorter rotations, multiple age classes, and reduced basal area [82] . In addition, a much higher predator/prey relationship is typically observed in mixed stands, as found in spruce-pine stands for Ips typographus L. and its predator Thanasimus formicarius L., compared to pure spruce stands [83] .
Short-term management of SPB has also been successfully accomplished in the southeastern U.S. and in some countries of Central America using pest detection systems, stand evaluation, and timely control of spots [38, 68, 84] . Because SPB outbreaks cannot be predicted based only on regional infestation dynamics [85] , national databases to keep historical data are needed for planning and properly integrate public and private forestry institutions. When spatial and temporal data is available, governance institutions have the capacity to lead suppression strategies [4] . To facilitate commercial utilization of beetle-killed trees in Central America, Billings [38] suggested that governmental charges for salvage logging operations should be reduced when the wood has presence of S-shaped galleries, a distinctive sign of SPB.
The Central American region has a unique opportunity to fully embrace the challenge of climate change and future bark beetle outbreaks, a response that has been slow in the Eastern U.S. Under increasing climate change pressures, forest resilience-improved by prevention activities and sustainable forest management-will reduce future problems resulting from Dendroctonus outbreaks. This is important because climatic changes projected for the mountain ranges in the Americas could be favorable for SPB activity, as well as other non-aggressive bark beetle species, that under aridification can become pestiferous or increase the number of generations per year [86] . In Honduras for example, projections under a climate change scenario suggest an increase of area affected by SPB ( Figure 3 ) [33] . region [79] . Sustainable forestry, focused on ecosystems, is based on planning at the landscape level and recognizes that different scales are essential for different species and processes [80] . For long-term forest protection, broadscale land-management policies are the best option as they reduce the extent of forests susceptible to future outbreaks largely resulting from anthropogenic inputs [9] . Conservation lands and outbreak initiation are often linked in Central America due to fire suppression and inadequate management [81] . As part of an integrated pest management, silvicultural treatments should focus on increasing landscape heterogeneity, such as shorter rotations, multiple age classes, and reduced basal area [82] . In addition, a much higher predator/prey relationship is typically observed in mixed stands, as found in spruce-pine stands for Ips typographus L. and its predator Thanasimus formicarius L., compared to pure spruce stands [83] .
The Central American region has a unique opportunity to fully embrace the challenge of climate change and future bark beetle outbreaks, a response that has been slow in the Eastern U.S. Under increasing climate change pressures, forest resilience-improved by prevention activities and sustainable forest management-will reduce future problems resulting from Dendroctonus outbreaks. This is important because climatic changes projected for the mountain ranges in the Americas could be favorable for SPB activity, as well as other non-aggressive bark beetle species, that under aridification can become pestiferous or increase the number of generations per year [86] . In Honduras for example, projections under a climate change scenario suggest an increase of area affected by SPB ( Figure 3 ) [33] . The severe outbreaks of SPB in Guatemala, Honduras, El Salvador, and Nicaragua during 2004 led to the creation of a regional strategy on forest health management for Central America and the Dominican Republic [87] . This strategy was later updated by the Central American Environment and Development Committee to include preventive aspects for native and exotic forest threats [18] . The strategy focuses on the update of study plans for forest managers, development of local research programs, and forest health policies at the national level for each country, with the objective to increase resources and qualified personnel in all countries, and to implement prevention programs in the region [18] . The strategy also suggests that each country should have an entity in charge of The severe outbreaks of SPB in Guatemala, Honduras, El Salvador, and Nicaragua during 2004 led to the creation of a regional strategy on forest health management for Central America and the Dominican Republic [87] . This strategy was later updated by the Central American Environment and Development Committee to include preventive aspects for native and exotic forest threats [18] .
The strategy focuses on the update of study plans for forest managers, development of local research programs, and forest health policies at the national level for each country, with the objective to increase resources and qualified personnel in all countries, and to implement prevention programs in the region [18] . The strategy also suggests that each country should have an entity in charge of forest health with trained personnel, as well as its own financial resources, to coordinate and support prevention, detection, monitoring, and control programs. In addition, it suggests that strategic synergies should be implemented at the inter-and intra-institutional level and include NGOs. Cooperation agreements among institutions will allow long-term capacity building to improve each country's technical skills, including identification, management, and monitoring of native and invasive pests. Because of the regional experience with pheromone trapping, early detection and monitoring systems could be successfully implemented in the region [18] . However, importing commercial traps and pheromones is sometimes a challenge and, in addition, identification of insect specimens requires experts which are currently scarce in the region [73] .
Focusing on a regional network facilitates technical and policy improvements in the most critical areas. Countries such as Honduras, Nicaragua, Guatemala, and Panama have the experience and expertise that could be shared regionally. For example, the first project on Integrated Pest Management for Central America was funded in Honduras in 1984, including regional pest and forest protection coordinators that address fire and outbreak problems, and a database where detailed records of infestations has been kept [17, 38] . Regionally, a network of specialists was formed and has met, but it has not been active recently due to lack of funding and personnel ( [38, 70] ). Capacity building has to be a continuous effort where each country is responsible for targeting the right audience, including forest entomologists and forest managers. Since 2017, a bark beetle course has been held in Mexico organized by the National Forestry Commission of Mexico (CONAFOR) and the International Regional Organization for Agricultural Health (OIRSA) with a focus on identification, biology, monitoring, control measures, and policy. However, such initiatives require a cohesive regional approach, including regional legislation and sustainable forest management concepts. Other forest health workshops to improve national capacity are currently being organized in individual countries, but the effect on regional and local policy remains to be seen.
The regional strategy proposed for Central America currently acts as a theoretical framework where every country has the responsibility to apply the regional strategy according to each country's resources and vision. The region lacks attention to invasive emerging threats in plantations and protected areas, with little information on interception and establishments [71] . The Southern Cone for example, with a focus on plantations, has held several meetings through COSAVE (the Regional Plant Protection Organization) to harmonize phytosanitary regulations, share information on pests, and even propose an information exchange system [71] . In the absence of a formal regional entity responsible for policy, technical, and scientific aspects of forest threats in Latin America, Central American forestry organizations, and the Southern Cone Forest Invasive Species Network, under the FAO regional forestry commission, should work together and share expertise and information on forest health issues [71] .
Conclusions
We suggest that the Central American forest management community needs to evolve its focus away from reactive, short-term, pest-focused activities and towards long-term management for healthy, resilient, and sustainable regional forest ecosystems, to prevent the continuation or increase of forest mortality. Any further forest degradation and conversion, together with climate change, may diminish the remaining resilience of the forests and prevent sustainable management [88] . Regional networks should allow each country to build local research and management capacity and develop long-term solutions, including improving methods for developing, transferring, maintaining, and applying knowledge learned during recent outbreaks to prevent or manage future outbreaks [4, 8] . Increasing adequate forestry health practices in times between outbreaks will also lessen the impact of SPB across the Central American countries. 
